The goals of this aspect of the JRML program are to explore mechanisms of ionization of atoms, ions and small molecules by intense laser pulses and ions and to investigate the dynamics of photoelectron emission from small molecules interacting with x-rays from harmonic generation and synchrotron radiation.
In an attempt to provide experimental data on this subject, we used COLTRIMS to measure electron momentum spectra over wavelength range between 400 and 800 nm at high enough intensities that one might naively expect tunneling to dominate over multi-photon ionization. Complex structure was observed, as shown in fig. 2 . By following individual features over a range of wavelengths, some of the energy structure could be associated with particular Rydberg resonances in the atom. Some could not. The angular structure was observed to maintain a preference for an angular momentum of 6 over a range of energy structures. The observed structures are too complex to be easily interpreted without a complete solution to the Schrödinger equation. Integration of theoretical calculations over the interaction volume is crucial in the interpretation. At least two groups, including that of C.D.Lin, are presently making progress in quantitatively interpreting this structure. See publication 3. Horizontal axis corresponds to momentum component along the polarization direction, vertical axis represents value of electron momentum perpendicular to laser polarization.
Future plans:
3) Infrared pump/XUV probe work discussed in last year's progress report has continued. We have successfully produced photoelectrons from harmonics up to approximately 45 eV in a COLTRIMS geometry and are building a two-component mirror to allow time-resolved photoelectron spectroscopy. One of the initial experiments will be to try to launch a wave packet into the dissociative 2pσ u potential curve of D 2 + with an infrared pulse and to photoionize this state at a known later time with the XUV probe. This work is an extension of our infrared pump-probe work on H 2 + and D 2 + discussed in last year's progress report and in publication 5. We will also use photoelectron spectra generated by the harmonics in the presence of the infrared field to characterize the time structure of the attosecond pulse trains represented in the harmonics. 4) Other future projects: We will continue our infrared pump-probe work using CEP stabilized pulses and investigate ways to control the dissociation/ionization routes in H 2 , D 2 and other light molecules.
